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f=HnW<!1aitng as amfttiftftH 7-91-04 | 

1 . (Pfftgftntly Amended) MethnH of forming a hologram from a information containing | 
mask, comprising the following steps: 

- arranging a substrate bearing a layer of a holographic recording medium on a first 
face of a coupling element and in optical contact therewith; 

arranging a information containing mask in a spaced relationship and parallel to 
the substrate; 

generating an illumination light beam and then splitting the light beam into an 
object beam and a reference beam; 

directing the reference beam to a second face of the coupling element in a 
way that the condition for total internal reflection at the interface between the 
recording medium and the ambient medium is fulfilled 

directing the object beam through the mask to the substrate such that it overlaps 
with the reference beam in the holographic recording medium; 

ftu ' diei ' faidudliig the steps of | 

- employing a photoresist as the holographic recording medium; and 

arranging the planes of polarisation of the otgect and reference beams incident on 
the holographic recording medium such that their polarisation vectors are substantially 
mutually orthogonal in the holographic recording medium and such that the 
polarisation vectors of the incident and totally internally reflected reference beams are 
also substantially uitlioguiial. 

oithngnnal- and 

- the step of employing a phntrireRistt inr^liiHeg employing a phntoreRist whoge layer 
thickness is le ss than ^OOnm 

2. Method according to claim 1, characterized in that substantially only the transmission 
hologram is recorded in the holographic recording layer. 

3. (P r ev in tMly(Twice Amended) Method according to claim 1, characterized in that a 
photoresist is employed whose refractive index at the exposure wavelength is greater 
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than 1. 6 aiid picfeiably gi ea te r t liaii 1.7 . 

4. (Previously Amended) Method according to claim 1, characterized in that the plane of 
polarisation of the object beam is at 43^ to the plane of incidence of the reference 
beam at the holographic recording layer. 

5. (Previously Amended) Method according to claim 1, characterized in that the 
photoresist material is selected such that its thickness (d) and absorption (a) meet the 
condition 

a*d<l. 

6. (Previously Amended) Method according to claim 1, characterized in that the 
photoresist is selected such that its contrast described by its gamma-value satisfies the 
condition y < 3. 

7. (Previously Amended) Method according to claim 1, characterized in the photoresist 
is selected such that its resolution described by the smallest period of grating that can 
be optically recorded in the material is with a modulation depth (dmax - dmin)/ (dmax - 
dmin)> 25% satisfies the condition A< 200 nm. 

8. (P re vi n iLq1 y (Twi ce Amended) Method according to claim 1, characterized in that laser 
light of a wavelength below SOOnm , and preferably o f a w a veleng t h be t w e en 150 and 
2G0 mil for recording the hologram is used. 

9. (Previously Amended) Method according to claim 1, characterized in the polarisation 
angles are selected according to the refractive index of the photoresist. 

10. (P i ev i inL\ly (Twice Amended) Method according to claim 1, characterized in that a 
combination of polarisation angles of between 37 to 44 °, pr e f e rably 3 9 * ^ for the 
reference beam and = -43 to -47^ , piefeiably -45^ for the object beam with respect to 
the plane of incidence are applied. 
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1 1 . (Previously Amended) Metiiod according to claim 1, characterized in that the 
intensity of the reference beam exceeds that of the object beam. 

12. (Pi 'e viously( !Iaflbcfi Amended) Method according to claim 1, characterized in that Ihe 
intensity of the reference beam exceeds that of the object beam by a fac t or 2, and 
pref e rably is 4 : l.at least a factor 2 . 

13. ( P re viously (3jad£e Amended) Method according to claim 1, characterized in that the 
intensity ratio of tfae ubj e ct aixJ reference andnl^ccLbeams is between 3: 1 and 5: 1 , and 
piefeiably about 4. 1 . 

14. (Pieviuu&ly^ Imcfi Amended) Method according to claim 1, characterized in that the 
thickness of the photoresist layer is l e ss t lian 500 mn, pr e f e rably b et w ee n 100 and 300 
imi and lli0^t piefeiably between 200hetween 1 00 and 300 nm. 

1 5. (Previously Amended) Method according to claim 1, characterized in that the image 
recorded in the photoresist as surface relief hologram is transferred into the substrate 
material by an etching process. 

16. (Previously Amended) Method according to claim 1, characterized in that the etching 
process is a plasma etching process. 

17. (Previ o usly( 3-ad£fi Amended) Method according to claim 1, characterized in that the 
illumination beam(5i^ is scanned in a first direction such that the reference and object 
beams scan across the holographic recording medium(?9-) and the mas k(73), 
respectively , stepping the illumination(51^ beam in a second direction perpendicular 
to the first direction, and tfien scanning the b e am (51)jlhimination beam again in tiie 
first direction and so on, such that the reference beam and object beam s (75,74) travel 
simultaneously across thefirst face orof the substrate(?7) in optical contact with the 
first fece^face of the coupling element 
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18. (Previously Amended) Method according to claim 1 characterized in that the gap 
between the holographic recording layer and the mask is determined, e.g. 
interferometrically, and then the distance between the hologram and the recording 
medium adjusted to a predetermined value. 

19. (Previously Amended) Method according to claim 1 characterized in that in the 
hologram reconstruction process the distance between the hologram and the substrate 
onto which the holographically recorded image is to be reconstructed is adjusted to 
the value as maintained between the holographic recording layer and the mask in the 
hologram formation process. 

20. (P r Hu ii i i iO jj(Twir.ft Amended) Method according to claim 1 characterized in that the 
reference beam is directed to a second &ce of the coupling element in a way that the 
condition for total internal reflection at the interface between the recording medium 
and the ambient medium is fulfilled and so that the angle of incidence of the beam in 
the recording layer is less than 45^ , piefeiably less tlian 42^ and mos t piefeiably less 
tl i an 40" . 

21 . (P r ev i niL < ;1 y (Twi ce Amended) Use of the method according to claim 1 for recording 
features of less than 1 Dm, pr efe rably l e ss tlian 0.5 □m.j om contained in a mask in a 
hologram for use in microlithography. 

22. (THiRRently Amended) Mftthnd of forming a hologram from a information containing 
mask, comprising the following steps: 

- arranging a substrate bearing a layer of a holographic recording medium on a first 
face of a coupling element and in optical contact therewith; 

- arranging a information containing mask in a spaced relationship and parallel to 
the substrate; 

generating an illumination light beam and then splitting the light beam into an 
object beam and a reference beam; 
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- directing the object beam through the mask to the substrate such that it overlaps 
with the reference beam in ^e holographic recording medium; 

fur flier faiclu i Hng t h e s te ps o f 

- employing a photoresist as the holographic recording medium; 

directing the reference beam to a second face of the coupling element in a way that 
the condition for total internal reflection at the interface between the recording 
medium and the ambient medium is fulfilled and so that the angle of incidence of the 
beam in the recording layer is less than 45" pr e ferably l e ss t lian AlP and 4 52; 
most preferably less tlian 40^; 

arranging the planes of polarisation of the object and reference beams incident on 
the holographic recording medium such that their polarisation vectors are substantially 
mutually orthogonal in the holographic recording medium and such that the 
polarisation vectors of the incident and totally internally reflected reference beams are 
also substantially uitliugunal, , 
orthogonal; and 

- thft Rtep o f employing a photoresist i tic hides employing a photoresist whose layer 

thickness is less than f)00nm. 

23. (Pi 'e viously( Twice Amended) Method according to claim 22 characterized in that a 
photoresist is employed whose refi-active index at the e^qjosure wavelength is greater 
than 1 .6 and pr e ferably gr e a te r tlTan 1 .7 . 

24. (P reviousl yCIwice Amended) Method according to claim 22, characterized in that 

siihstantially only the transmissinn hologram is recorded in the holographic recording 

layer. 

25. (Presently Amended) Total internal reflection holographic recording apparatus for 
recording a hologram from a mask, comprising 

an optical coupling element for receiving a substrate on a first face; 

- a substrate bearing a holographic recording medium, the substrate being in optical 
contact with said first face of the optical coupling element, 
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- at least one light source for generating a light beam; 

optical means for generating a collimated light beam of a selected cross-section; 

- means, e.g. a beam-splitter, prism or the like, for generating two coherent light 
beams, a reference light beam and an object light beam; 

- means for directing the reference light beam at a second face of the coupling 
element such that it illuminates the interface between the firet face and the ambien t 
m e dium or the in te rfac e b et ween a subs t ia te in op t ical con t act wi t li said firs 't 
faceholographic recording medium and the ambient medium at an angle greater than 
the critical angle; 

means for directing the object light beam at the first face of the coupling element 
such that it is aligned with the reference beam in the plane of the holographic 
recording medium on the substrate in contact with the first face; 
diarac tc iked iii that 

- the holographic recording medium is a photoresist; and 

means are provided for arranging the planes of polarisation of the object and 
reference beams incident on the holographic recording medium such that their 
polarisation vectors are substantially mutually orthogonal in the holographic recording 
medium and such that the polarisation vectors of the incident and totally internally 
reflected reference beams are substantially orthogonal .orthogona l ; and 

said photoresist being a layer having a thicknegR less than SOOnm 

26. Apparatus according to claim 25 characterized in that the at least one light source is a 
laser light source emitting light of a wavelength below 300n m, and piefeiably of a 
waveleiiglli between abuul 150 and 260 mil, and pxefexably between abuul 190 and 
254 mu . 

27. (Previously Amended) Apparatus according to claim 25, characterized in that the 
photoresist material is such that its thickness (d) and absorption (a) meet the condition 
a*d<l. 

28. (Previously Amended) Apparatus according to claim 25, characterized in that the 
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photoresist material is such that that its contrast described by its gamma factor 
satisfies the condition y < 3. 

29. (Pr e viously (Isadc£ Amended) Apparatus according to claim 25, characterized in that 
a combination of polarisation angles of between 37 to 44 ° preferably 39° -for the 
reference beam and - 43 to -47 ^ pr e f e rably 45° for the object beam are applied. 

30. (Previously Amended) Apparatus according to claim 25, characterized in that means 
are provided for adjusting the intensities of the object and reference beams such that 
the intensity of the object beam exceeds that of the reference beam. 

3 1 . (PieviuuslyC lMace Amended) Apparatus according to claim 25, characterized in that 
the intensity of the object beam exceeds that of the reference beam by at least of a 
factor 2 piefeiably by a facloi uf about 4 . 

32. (Pi e V iuusly ( ladcfi Amended) Apparatus according to claim 25, characterized in that 
the thickness of the photoresist layer is less tliaii 500 imi, pr e ferably b et w e en 100 and 

">0n li nn AttA nn i ^ t p n ftfcral i ly l i ft t wftftn ^OOhfttwfieti 100 and 300 nm. 

33. (Previously Amended) Apparatus according to claim 25, characterized in that means 
are provided for scanning and stepping the incident light beam in a raster scan across 
the beam sfrfitting means in a first and in a second direction, respectively, such that 
the reference and object beams travel simultaneously across the first face or the 
substrate in optical contact with the first face; 

34. (Previously Amended) Apparatus according to claim 25 further comprising 

means for measuring the gap between the hologram and a wafer being arranged in 
a spaced relationship to the hologram; and 

means for adjusting the parallelism and/or separation between the hologram and 
the wafer. 
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35. (Previously Amended) Apparatus according to claim 25, further characterized in that 
the directing means for the reference light beam further arranges that the angle of 
incidence of the reference beam in the holographic recording layer is less than 45^; 
pr e ferably less t iiaii 42P and most preferably less t liaii 40^ , 

36. (PreviouslyC Eadfia Amended) Apparatus according to claim 25 characterized in that | 
the photoresist employed has a refractive index at the exposure wavelength of greater 
than 1. 6 and pr e f e rably grea t er tlmn 1 .7 . | 

37. (Presently A mftndftH) Total internal reflection holographic recording apparatus or | 
system for recording a hologram from a mask, comprising 

- an optical coupling element for receiving a substrate on a first face; 

- a substrate bearing a holographic recording medium, the substrate being in optical 
contact with said first face of the optical coupling element, 

- at least one light source for generating a light beam; 

- optical means for generating a collimated light beam of a selected cross-section; 

- means, e.g. a beam-splitter, prism or the like, for generating two coherent light 
beams, a reference light beam and an object light beam; 

- means for directing the reference light beam at a second face of the coupling 
element such that it illuminates the interface between the first face and t he ambien t 
medium or t h e iirt e rfdce betw ee n a substia te in op t ical con t ac t wi t h &aiJ Cist 
fec eholographic recording medium and the ambient medium at an angle greater than 
the critical angle; 

- means for directing the object light beam at the first face of the coupling element 
such that it is aligned with the reference beam in the plane of the holographic 
recording medium on the substrate in contact with the first face; 

cliaractemed iii fliat | 

- the holographic recording medium is a photoresist; 

- means are provided for airanging the planes of polarisation of the object and 
reference beams incident on the holographic recording medium such that their 
polarisation vectors are substantially mutually orthogonal in the holographic recording 
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medium and such that the polarisation vectors of the incident and totally internally 
reflected reference beams are substantially orthogonal; and 

- in that the directing means for the reference light beam further arranges that the 
angle of incidence of the reference beam in the holographic recording layer is less 
than 45^, preferably l e ss t liaii 4yand mos t pr e f e rably less tlian 40", 
45^; and 

Raid phntnresi'gt being a layer having a thickness legs than -SQOnm . 

38. (Pr e viously (3-aaca Amended) Apparatus according to claim 37, characterized in that 

the at leasd: one light soumft is a lasftr light source emitting light nf a wavelength he low 

30Qnm. 

39. (P i k\} I I ii iOy (Twice Amended) Hologram recorded in a recording medium according 

to claim 1 , characteri7eH in that a photoresist is employed whose refractive indev at 
the exposure wavelength is greater than 1 ^ 
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